Tests are carried out to determine the fluidity of Ashaka Portland cement paste and its compatibility with sawdust ash (SDA) as powder material for self-compacting cement (SCC) mixtures. Results of the investigation showed that saturation was achieved at w/c ratios of 0.4 and 0.42, at dosages of naphthalene sulfonate superplasticizers of 3.5% and 2%, respectively. The optimum replacement level for the SCC mixture was 10 wt.% of cement by SDA and 2% of the superplasticizer dosage. The achieved spread and flow time were 26 cm and 8 seconds and are within the specified range of 24 cm to 26 cm and 7 to 11 seconds, respectively. Statistical inference showed that the mix, w/c, and the interaction between the mix and w/c ratio are significant.
Introduction
Superplasticizers are often added during the mixing stage of concrete in small quantities related to the mass of cement to increase the fluidity of fresh concrete, increase strength, and prolong durability of hardened concrete. Researches have shown that compatibility of cement and superplasticizers is influenced by factors as the content of C 3 A and C 4 AF phase in PC clinker, total alkali amount, cement fineness, and the type and the amount of calcium sulfate [1] .
Compatibility problems between superplasticizers and cement have been reported and these may be characterized by the fluidity of cement paste and its loss with time [2, 3] . Superplasticizer addition decreases the yield value of the paste close to zero, but the plasticity does not decrease significantly [4] . Naphthalene sulfonate superplasticizer is often used to improve the rheology of fresh concrete [5] . Termkhajornkit and Nawa [4] have reported in their work that the surface potential of fly ash differed from ordinary Portland cement (OPC) in both sign and value, and thus this is the reason for fly ash-cement paste flocculation. When naphthalene sulfonate superplasticizer was introduced into the fly ash-cement paste, the signs were the same and therefore dispersed well due to higher potential barrier.
Adsorption of naphthalene sulfonate superplasticizers to the surface of cement particles changed the zeta potential of the particle surface to negative and thus increased the absolute value [6, 7] .
The fluidity of sawdust ash-cement paste has not been reported. In this study, it was considered necessary to determine firstly the rheological properties of cement mortar using naphthalene sulfonate superplasticizer and secondly the influence of SDA and its compatibility on flow properties. Sawdust ash (SDA) was obtained from burning of timber wastes from the milling industries and the ash contains mainly silicates (67%). The methods of obtaining, burning, and characterizing the SDA were fully discussed in a previous paper where it was used with concrete [8] . SDA has pozzolanic properties and is thus a promising supplementary material for concrete production. Figure 1 is the flow diagram used in designing the mix for the self-compacting concrete; "Ashaka" Portland cement conforming to BS 12 [9] was used. SDA obtained from thermally activated timber wastes at temperatures of between 400 ∘ C and 600 ∘ C was used [8] . The physical and chemical properties of Ashaka Portland cement and SDA are given in Table 1 . The fine aggregate is river sand with a specific gravity of 2.57, moisture content of 14.4%, and bulk density of 1472 kg/m 3 and falls in zone 2 in the classification table in accordance with BS 882 [10] . The superplasticizer was a commercial naphthalene sulfonate superplasticizer produced by W. R. Grace and Co., USA, named as Daracem 19. It has a specific gravity of 1.18 and pH of 9.5 and the dry extract by mass is 40%. Table 2 shows the mixture proportions for the compatibility test (fluidity test). The water-binder ratio of paste was from 0.3 to 0.42. The dosage of the superplasticizer varied from 0 to 4 wt.% of cement. To assess the compatibility of the Portland cement with the naphthalene sulfonate superplasticizer, the standard truncated cone (Figure 2 ) was used to measure the flow. It has an upper inner diameter of 70 mm, a bottom inner diameter of 100 mm, and a height of 60 mm. The cone was placed on a 750 mm × 750 mm glass plate and filled with the sample of mortar. The upper surface of the mortar was finished with trowel and the cone was lifted vertically. The diameter of spread of the mortar after the cone was lifted was measured in two perpendicular directions ( 1 and 2 ), using a ruler, and the average is recorded. Results are shown in Table 3 .
Experiment

Compatibility Test (Fluidity Test).
Powder Content Test.
The powder content test was carried out immediately after saturation was achieved from the compatibility (fluidity) test. This was done using the flow and V-Funnel tests ( Figure 3 ). The mixture proportions for the test are shown in Table 4 . The optimum dosage of 2% naphthalene sulfonate superplasticizer and cement content of 479 kg/m 3 were used at a w/c ratio of 0.42. These were values at the saturation point from the compatibility (fluidity) test. The replacement ratios of SDA in the powder content test varied from 0 to 20 wt.% of cement. A total of 5 mixes were used (PC-01N to PC-05N). PC-01N was the control mix containing NS with no SDA (powder material), while PC-05N was containing SDA of 20 wt.% of cement as replacement. The letter P signifies the powder material. Two Advances in Civil Engineering 3 Table 5 .
Results and Discussions
SDA is a latent hydraulic material and contains approximately 67% of silicates. It needs more water for consistency and when added to cement it triggers off a pozzolanic reaction with the excess Ca(OH) 2 produced during the cement hydration. Thus, SDA deferred the hydration of the paste and extends the setting time [9] . Unburned carbon (<5%) has been identified to affect the amount of adsorption of superplasticizers [4] ; therefore, the ignition loss of SDA was kept under 4.6% and thus the effect of unburned carbon in this work was neglected. (Figure 4(b) ), the fluidity also increased but saturation was achieved at a dosage of approximately 3.5%. At the w/c ratio of 0.42 (Figure 4(c) ), the fluidity of the mortar did not increase significantly at 2% dosage. The flow diameter at this dosage is 28 cm. This is the saturation point and 2% is the threshold dosage. It can be said that the code requirements for SCC materials are satisfied by these values [11] . Workability period is determined by the interaction of the powder materials and the admixture [12] . Figure 5 shows the graph of replacement levels against flow and time for SDA mixes (PC-01N to PC-05N). The flow decreased as the percentage replacement increased. The time to achieve such flow also increased. An explanation to such behaviour can be derived from the works of Termkhajornkit and Nawa [4] on fly ash. Table 6 shows the value of the zeta potentials and flow in the system as reported by Termkhajornkit and Nawa [4] . It is seen that when the system contained no superplasticizer, the zeta potential of OPC had an opposite charge from that of the fly ash. This encouraged flocculation. It means that the total potential energy of cement particle and fly ash particle became lower than those between OPC particles. The reverse was the case when superplasticizer was applied. The charges were the same and thus there was repulsion and improvement in the flow. SDA can be classified as a class C fly ash and thus the same reasons can be adduced for the behaviour of SDA mixtures without and with naphthalene sulfonate. The stipulation by the code [11] for the mix that passed the test for SCC must be a mix that has a spread diameter of 24 cm to 26 cm and also a flow time of 7 sec to 11 sec. From the table on the results of the powder content test, the mix that satisfied both conditions was PC-03N, which was the mix that contained 10% replacement of cement with naphthalene sulfonate superplasticizer. Table 7 lists the coefficients of the independent variables with their respective standard deviation (SD), value of the rate ( ), and probability ( ), and the value of indicates the significance of the variable in the model corresponding to the probability ( ).
Statistical Analysis
Compatibility Test (Fluidity Test).
If the value of is lower than or equal to 5% ( ≤ 0.05), the variable is accepted as significant at a level of 5%. An analysis of Table 7 shows that only the independent variables water-cement ratio (w/c) and dosage of the naphthalene sulfonate present values of lower than 5%; hence, the remaining variable (replication) is not statistically significant. The standard deviation ( ) is 1.25, coefficient of correlation ( 2 ) = 93%, and ( 2 ) adj = 92.8%. The regression equation is as follows: flow = 8.11 + 3.38 w/c + 1.13 dosages. Table 8 presents the analysis of variance, degree of freedom (DF), sum of squares (SS), mean squares (MD), test ( ), and probability ( ). The test statistically proves the existence of regression at significance level of 5%. The degrees of freedom of the regression and the residual error are, respectively, 3 and 128. Figure 6 presents the graph of residues as a function of the adjusted values. This graph shows that the variance is constant; that is, the points are dispersed uniformly around zero. The test of normality of the residues shown in Figure 7 shows that the residues and, hence, the response follow a normal distribution.
Power Content Test.
The statistical analysis for the two tests (spread and V-Funnel time), carried out for the power content test, shows that the mix and the constant in the regression analysis are significant for the spread, while for VFunnel the mix only is significant. These are shown in Tables  9, 10 , 11, and 12. They can be represented, respectively, by spread = 29.1 − 1.78 mix and time = 0.10 + 3.70 mix with R 2 = 94% and 90.6%, respectively. The normality and residual plots are shown in the figures.
Conclusions
Based on the results of the present investigation, the following conclusions can be drawn.
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(iii) It can be inferred that SDA has the same zeta potential with class C fly ash.
(iv) The mix that passed the SCC test is the mix with 10% replacement of cement and containing 2% naphthalene sulfonate superplasticizer.
(v) The statistical analysis on fluidity shows that both w/c and dosage are significant with 2 = 93% and 2 adj = 92.8%. The regression equation is given as follows: flow diameter = 8.11 + 3.38 w/c +1.13 dosage.
(vi) The effects of both the w/c and dosage are additive.
